Aim: To investigate the existence of sexual dimorphism between the first and second permanent molars. Methods: A cross-sectional, observational, blind study using comparative and statistical descriptive procedures. The sample included 50 pairs of plaster casts from undergraduate dental students (25 men/25 women) from the Federal University of Paraíba, João Pessoa/PB, Brazil, aged 20-26 years. Odontometric measurements of first and second maxillary/mandibular, right/ left permanent molars were performed. Mesiodistal (MD) and buccolingual/palatal (BL/BP) widths and the distance between the lingual cusps of corresponding molars in opposite quadrants, were measured. The data were analyzed by Student's t test and ANOVA with Bonferroni (p≤0.05). Results: The crowns of all first molars were statistically larger in men than in women (p<0.05). Maxillary and mandibular left second molars (#27 and #37) did not differ in their MD widths (p=0.66, p=0.75), whereas mandibular left and right second molars (#37 and #47) showed statistically different BL widths (p=0.007 and p=0.008). As to the distance between the lingual cusps, only the first left-to-right mandibular molars (#36-46) showed no sex dimorphism (p=0.107). Conclusions: Molars are larger in males than in females. Individually, first molars demonstrated higher evidence of sex distinction than second molars.
Introduction
Forensic dentistry is a branch of the forensic sciences that provides information to support the Court of Justice decisions, especially with regard to human identification and clarification of facts with legal interest 1, 2 . Approximately 70% of the identifications performed worldwide in cases of mass disasters are obtained by forensic dentistry 3, 4 . Human identification by the study of teeth has gained considerable importance, mainly in the absence of fingerprint data 5 . Teeth are the most stable, durable and resistant organs of the human body 6 , able to stand up very high temperatures and the process of cadaveric decomposition 7, 8 . Dental features may assist the reconstruction of forensic biological profile of unknown individuals. As such, teeth could serve as important tools for estimating age and height at the death time as well as ethnic group and sex 7, [9] [10] [11] [12] . Sex determination is of paramount importance in cases when visual identification of the sex is impossible, thus eliminating about 50% of possibilities in the examined population 8 . Although some of the dental features may change in lifetime, anatomical peculiarities, and missing, decayed and restored teeth do provide specific data for ante-mortem and post-mortem comparisons 13 . Studies have shown statistically significant differences in the dental patterns of men and women by odontometric measures, that include the mesiodistal and buccolingual distances between the crowns of permanent teeth 9, 14 . Among all teeth, molars have greater potential for race differentiation 15 . Herein, odontometric measures were used to evaluate sexual dimorphism in the first and second maxillary/mandibular permanent molars to assist the process of human identification.
Material and methods
This study is in accordance with the Brazilian Resolution no. 466/12 of the National Health Council, Ministry of Health, which regulates research involving human beings, and had prior approval of the Research Ethics Committee at the Center for Health Sciences, Federal University of Paraíba (CAAE: 30967814.6.0000.5188).
This was a cross-sectional, observational, blind study using comparative, statistical and descriptive procedures. The study approach was based on intensive direct observation of maxillary and mandibular plaster casts. The universe consisted of 191 pairs of maxillary and mandibular plaster casts belonging to students from the Federal University of Paraíba (UFPB), which were part of the Occlusion discipline database in this institution. The casts were thoroughly analyzed and we excluded from the sample those with missing molars; poorly positioned teeth; restorations of free faces that could change dental dimensions; failures in the cast (e.g. bubbles and fractures) or those from individuals with previous history of orthodontic treatment. The final sample consisted of 50 pairs of plaster casts, where 25 were from females and 25 from males, aged 20 to 26 years.
A pilot study including other 40 pairs of plaster casts from the same database was carried out prior to the full study for training the examiner. The time between the first and second analyses was eight days, yielding intraclass correlation coefficient values between 0.868 and 0.999. These casts were excluded from the final sample.
The measurements were performed with a digital caliper (Stainless-Hardened ® -150 mm, Mauá, São Paulo, Brazil) and consisted in the following variables: mesiodistal width -the greatest distance between the proximal surfaces of the molar tooth ( Figure 1) ; buccolingual/palatal width -the distance between the outermost points of the molar crowns ( Figure 2 ) and the distance between the lingual cusps of the corresponding molar teeth in opposite quadrants ( Figure 3 ).
The data collected were processed in the Statistical Package for Social Sciences v. 20.0 (SPSS Inc., Chicago, IL, USA) software, then treated and analyzed using descriptive and inferential approaches, with a 5% significance level. The Kolmogorov-Smirnov test was used to check whether the odontometric measurement data had a normal distribution. The Levene F test was used to verify the equal variances in the study variables. The other comparative analyses were performed using the Student's t test and repeated-measures analysis of variance (ANOVA) with Bonferroni. Results Table 1 describes the mean and standard deviation of the measurements according to tooth and sex. There was a significant difference between the MD and BL/BP widths in all first molars, and male teeth were found to be larger than the female ones (p<0.05). As for second molars, only the maxillary and mandibular right second molars (#17 and #47, respectively) showed a statistically significant difference concerning their MD width (p=0.034 and p=0.044, respectively). The mandibular left and right second molars (#37 and #47, respectively) showed a significant difference in their BL widths according to sex (p=0.007 and p=0.008, respectively). Furthermore, there was a statistically significant sex differentiation in the segments from the maxillary right first molar (#16) to the maxillary left first molar (#26) (p=0.019); maxillary right second molar (#17) to the maxillary left second molar (#27) (p=0.001); and the mandibular right second molar (#37) to the mandibular left second molar (#47) (p=0.022). Fig.3 . Distance between the lingual cusps of the molars in opposite quadrants. Source: current research.
As described in Table 1 , the mandibular left first molar (#36) showed the highest MD width in males, statistically different from the other first molars. With regard to the other analyzed measurements, significant differences were observed both in first and second molars in opposite quadrants. For instance, mandibular teeth had higher MD width than maxillary teeth, while maxillary teeth had greater BL width. Similar findings were also observed in females, in which the measurements followed the same pattern of differences between maxillary and mandibular molars.
Discussion
University students attending public high education institutions, such as UFPB, commonly come from different ancestries and social classes. This fact has been accentuated by social inclusion policies (university quotas) gradually implemented in these institutions 16 . Unlike bones, teeth are not much affected by nutritional deficiencies 17 . Hence, social factors and eating habits do not This study confirmed the existence of sex dimorphism based on odontometric measures of the maxillary/mandibular first and second permanent molars. Male teeth were found to be larger than the female ones and the distances between the lingual cusps of the corresponding molars in opposite quadrants were also higher in men. These results corroborate those found by studies assessing other populations 12, [18] [19] [20] [21] [22] . A limitation of this study lies in the inability to pinpoint a borderline numeric variation for the analyzed measures concerning the use of molar teeth for sex determination. This shortcoming may be explained by the small sample size, which may not have been sufficient to perform a discriminant statistical analysis, i.e., the comparison between sexes based on confidence intervals (95% CI) 23 . It is worth noting that one of the major difficulties in sample selection lied in the high frequency of ineligibility due to proximal restorations in the target teeth.
A study 12 carried out in Greece investigated the degree of sex dimorphism in 344 permanent molars from 107 Greek (53 men and 54 women). The authors used the diameters of the crowns and the diagonal length of the cervical region as parameters for determination. They concluded that men have larger molars than women. Nevertheless, this Greek population was found to have their maxillary second molars as the most dimorphic teeth, which is in contrast with the findings presented here, as we found that maxillary first molars are unanimously larger in males.
In our study, the analysis of homologous teeth revealed that the mandibular first left and right molars (#36 and #46, respectively) in men showed a significant difference in their MD widths. A study performed in Peru 24 investigated the relationship between the MD widths of teeth and sex. The authors used 120 plaster casts belonging to students (60 men and 60 women) aged 12 to 18 years. They found a significant discrepancy between the MD diameters of seven pairs of homologous teeth in men, including the mandibular first molars. They also observed an important relationship between the MD width and sex dimorphism, as men were found to have greater MD diameter than women.
Sex determination using dental parameters is employed in the process of forensic identification. Another study 25 aimed to verify sexual dimorphism by MD and BL/BP measurements. Two hundred plaster casts from Brazilian adults of both sexes, aged 20 to 30 years, were analyzed. The author concluded that male teeth are larger than female teeth, which corroborates the findings of our study. However, no significant differences were observed between homologous teeth, except for the MD width of the mandibular first right and left molars (#36 and #46, respectively). Furthermore, measuring of canines and molars was the best dental indicator to identify sex in this population, with the maxillary first molars showing sex distinction.
Sexual dimorphism based on tooth size varies among populations and even within the same population due to historical and evolutionary reasons. Accordingly, the criteria set down in one place may not apply to another, requiring determination of specific values for each population 17 . It is Important to consider that the Brazilian population is composed by miscegenation of different ethnic groups, which influences and hinders the identification of sex based on odontometric analysis. Even so, when odontometry is employed with this purpose, the most commonly used dimensions are the MD and BL distances 1, 7, 20, [26] [27] [28] [29] . Participation of dentists in the forensic staff is beneficial to the victim and their family 30 . An expert analysis of the stomatognathic system, especially the teeth, is able to guide criminal investigations, in which the inclusion of forensic dentists is a unanimous requirement in accredited institutes.
Forensic dentistry is an area of great importance in the forensic practice and is a useful tool in the studies related to human identification methods, in particular the use of teeth. The results observed in this study led us to conclude that the maxillary first molars were found to have the highest percentage of sex dimorphism and that male molars are larger than those of the opposite sex.
